Purpose: As the National Health Insurance Service (NHIS) began to cover home oxygen therapy (HOT) services from 2006, it is expected that the new services have contributed to overall positive outcome of patients with chronic obstructive pulmonary disease (COPD). We examined whether the usage of HOT has helped slow down the progression of COPD. Methods: We examined hospital claim data (N=10,798) of COPD inpatients who were treated in 2007∼2012. We performed χ 2 tests to analyze the differences in the changes to respiratory impairment grades. Multiple logistic regression analysis was used to identify factors that are associated with the use of HOT. Finally, a generalized linear mixed model was used to examine association between the HOT treatment and changes to respiratory impairment grades. Results: A total of 2,490 patients had grade 1 respiratory impairment, and patients with grades 2 or 3 totaled 8,308. The OR for use of HOT was lower in grade 3 patients than others (OR: 0.33, 95% CI: 0.30∼0.37). The maintenance/mitigation in all grades, those who used HOT had a higher OR than non-users (OR: 1.41, 95% CI: 1.23∼1.61). Conclusion: HOT was effective in maintaining or mitigating the respiratory impairment in COPD patients.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) causes closure of the airway without lung/heart disease as a particular cause. It causes continuous aggravation of lung function, which can lead to death (1) (2) (3) . According to the 2011 World Health Organization (WHO), 6,400 million people worldwide suffer from COPD, and COPD was ranked fourth among all causes of death (4). Thus, COPD has a substantial impact on the health of the world's population. According to the National Health Insurance Service (NHIS), the number of COPD patients who visit medical institutions has increased to more than 200,000 in one year during the 21 st century (5) .
Patients with COPD show gradual deterioration, and could have respiratory impairment or live with poor quality of life (6) (7) (8) (9) . Although there is no cure for COPD, some treatments and life style changes, such as taking bronchodilators and quitting smoking, can help the patients feel better and keep the disease from getting worse (10) . In severe cases, however, other types of treatment, such as oxygen therapy and surgery, may also be required (11) . Particularly, those who need long-term oxygen therapy may need to get the service at home.
Prior studies suggest the following positive effects of using home oxygen therapy (HOT): improvement in survival and prognosis of patients with respiratory disease, decrease of polycythemia, prevention of occurrence of pulmonary hypertension, and enhancement of neuropsychological health (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) .
While HOT can be expensive, it had not been covered by the National Health Insurance (NHI) scheme in Korea, which, therefore, caused significant financial barriers for COPD patients accessing the service. As policies aimed to expand overall health insurance benefits were introduced in Korea in the mid-2000s, the NHIS finally started covering HOT service in 2006. Thus, patients who are determined as Grade 1 or Grade 2 of respiratory impairment and patients that meet the coverage criteria through arterial blood gas test or examination of oxygen saturation have been entitled to use the HOT, by paying for 20 percent of the monthly charge. This appears to contribute to overall increase in the number of patients with respiratory impairment who use HOT service. According to the statistics, the percentage of those who use HOT increased from 34.1% in 2008 to 53.4% in 2011 (22) .
While it is expected that this newly covered service has contributed to overall positive outcome of the COPD patients, there is limited empirical evidence on whether this really has been the case. Therefore, we examined whether the usage of HOT services has helped slow down the progression of COPD.
MATERIALS AND METHODS

Study population
In order to examine the effect of using a HOT service, we used hospital claim data on COPD inpatients during 2007∼ 2012. Among them, we selected COPD patients with respiratory impairment grades 1, 2, and 3, and followed up on the changes in their grades. We excluded variables with missing values, Medical-Aid beneficiaries, and participants who died during the study period, which leaves 10,798 cases in the final analysis.
Variables
The outcome variables in this study were the changes of respiratory impairment grade. Changes of respiratory impairment grade were divided into two groups by grade: Grade 1; 1) maintenance/deterioration and 2) mitigation, Grade 2/3; 1) deterioration and 2) maintenance/mitigation.
The independent variable of main interest in relation to the change of respiratory impairment grade was the usage of HOT by the patients. Other independent variables considered in the analysis as potential confounding variables were the grade of respiratory impairment, sex, age, type of medical institution, length of stay, experience of care in intensive care unit (ICU), experience of ventilator care, and years.
The grades of respiratory impairment were classified according to three stages. Judgment of grade was implemented according to the following criteria. Grade 1/2/3 was defined as chronic function failure in lung or bronchus requiring oxygen therapy, even at rest/while moving in home/while walking, as well as patients with a pulmonary function lower than 25%/35%/40% of normal value or who had partial pressure of arterial blood gas less than 55 mmHg/60 mmHg/65 mmHg. By using this variable, it could be reflect severity of patients with COPD as indirectly (23) . Age groups were divided as follows: younger than 49 years, 50∼59 years, 60∼69 years, and older than 70 years. Types of medical institution were defined as "General hospital" or "Hospital, Clinic" by patient visits as COPD. It could consider structural characteristics of each hospital (24) . Length of stay was defined as the number of hospitalization days per inpatient. These were classified according to four groups: "Within 10 days", "10∼29 days", and "More than 30 days". Experience of care in ICU or ventilator care was used to consider severity of COPD patients. Therefore, it could be possible to analyze reflecting patient's mix (25).
Statistical analysis
We examined the distribution of each categorical variable according to frequency and percentages and performed χ 2 tests to examine the differences in each variable according to the changes of respiratory impairment grade and usage of oxygen therapy. We used the multiple logistic regression analysis to examine the factors that are associated with the use of HOT. In addition, a generalized linear mixed model was used to incorporate repeated-measures variables and to examine the association between usage of HOT service and changes of respiratory impairment grade, while controlling for potential confounding variables, including the grade of respiratory impairment, sex, age, type of medical institution, length of stay, experience of care in ICU, experience of ventilator care, and years. All statistical analyses were performed using SAS statistical software (Cary, NC) version 9.2. All reported p-values are two-sided and considered significant when P＜0.05.
RESULTS
The data used in this analysis consisted of 10,798 patients. Among them, 4,371 patients who had used HOT and 6,427 patients who not used HOT. Among users for HOT, male was more slow down for progression of COPD Table 2 shows the results of the multiple logistic regression analysis on the factors associated with using HOT. The odds ratio (OR) for use of HOT was lower in grade 3 than grade 1 and 2 (OR: 0.33, 95% Confidence Intervals; 95% CI: 0.30∼ 0.37). And, female patients had lower odds ratio than male patients (OR: 0.86, 95% CI: 0.77∼0.95). By the age-group, older groups were more likely to use HOT than younger groups. We also found that participants who stayed longer than 30 days had a significantly higher odds ratio for maintenance/mitigation (OR: 1.25, 95% CI: 1.09∼1.45). Also, people who did not receive the ventilator care had lower odds ratio than those who did (OR: 0.37, 95% CI: 0.30∼ 0.45) ( Table 2) . Table 3 shows the results of the analysis using the generalized linear mixed model. As expected, for the maintenance/mitigation in all grades, those who used HOT had a higher odds ratio, compared to those who did not use (OR: 1.41, 95% CI: 1.23∼1.61). By age-group, a lower odds ratio was observed for older age groups compared with lower age groups. The highest odds ratio was observed for participants who had a length of stay more than 30 days (OR: 2.54, 95% CI: 2.00∼3.22) ( Table 3) .
DISCUSSION
In our study, we investigated the association of usage of HOT with the change of respiratory impairment grade among COPD patients after the NHI scheme began to cover the service in November 2006.
The results of the study show that use of a HOT service was effective in maintaining or mitigating the grade of respiratory impairment of COPD patients. Since COPD is a chronic disease, its symptoms tend to get worse with time. Therefore, preventing the loss of quality of life through ongoing management of the patient is necessary (26) . According to prior studies, providing HOT as a means for management of COPD can prevent the loss of quality of life of the patients (27) (28) (29) . Regarding any alternatives to prevent for progression of COPD patients were lacked, positive roles of usage HOT would be effective alternative in managing severe patients with other disease such as lung cancer, and etc. In addition, it is expected that usage of HOT would be positive effect to management for terminally-ill patients in other arena such as home hospice care.
The finding that COPD patients with grade 3 were much less likely than those with grade 1 and 2 to use HOT suggests that the payer should consider expanding insurance coverage for the service to those with grade 3. Given that using HOT helps slow down the progression of the disease, it would be beneficial for the patients who are less severe to start using the service earlier, once they also are entitled to be covered. The finding that patients who were hospitalized in general hospitals were more likely to use HOT than those who were stayed in hospitals or clinics may indicate that the former were either more severe or better informed about the service. A recent report suggests that many respiratory patients are either unaware of the fact that HOT service is covered by the NHIS scheme or unsure about the effectiveness, efficacy, and safety of using the service (30) .
However, this study has some limitations. First, it would have been ideal had we been able to used information including all respiratory diseases. But, the data used in this study included only COPD patients who have experienced hospitalization corresponding to Grades 1, 2, and 3 of respiratory impairment. Therefore, we were not able to consider any respiratory disorders such as polycythemia, pulmonary hypertension, and neuropsychological symptoms related to COPD. The results of this study cannot be applied to both respiratory disorders and patients with COPD. Second, this study did not consider the aspects of cost when analyzing the effect of HOT. Given that cost is an important factor in treatment and management of disease, this will limit establishment of measures for COPD. Finally, there is also limitation in that only HOT, and no other treatment for COPD, was considered.
Despite these limitations, this study examined the effect of utilizing treatment after enforcement of insurance coverage of HOT in 2006. In particular, the strength of this study is that the effect of HOT was indirectly examined through change in the grade of impairment. The results of this study would be helpful in development of a policy for management of COPD. In addition, it must be able to provide support for treatment of physical, emotional symptoms of COPD patients through other studies. 
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